Exergy analysis can be used in design, simulation, comprehensive evaluation and improvement of technological processes due to it measures quantity and quality of matter and energy flows of each stage of production process. In this work, exergy analysis of production and refining of 1,000 barrels per day of a Colombian crude oil with 29 °API was evaluated using a commercial process simulation software, in which a full battery production and atmospheric distillation unit were simulated. Results showed that battery production presented a very high exergetic efficiency with a value of 97 %, but the atmospheric distillation unit has an exergetic efficiency of 47 %, which indicates the need for energy and mass process integration to reduce the amount of industrial services.
Introduction
For foreseeable future, crude oil are expected to continue dominating global demands of energy sources, nevertheless, it is not attended by the enough availability of non-renewable oil, so depletion of conventional crude oil reserves has led to face challenges in its production and refining such as enhanced recovery, production in unconventional oil deposits and heavy crudes refining [1, 2] . Even, improved oil recovery techniques have become more cost-effective due to increasing oil prices and advances in technology [3] . Crude oil is a crucial strategic resource with significant impacts on economic development, growth for industrialized and financial markets [4, 5] . Colombia is the third-largest oil producer in South America after Venezuela and Brazil, thus its economy is highly dependent of this energy commodity and requires improving oil production and refining processes to ensure profitability [6] .
Computer-aided software-tools complemented by methodologies (e.g. exergy analysis) are considered useful alternatives for generation, evaluation and determination of more sustainable processes and its improvements [7] . Exergy analysis compensates loss due to irreversibility of the system and allows measuring the quantity and quality of energy sources [8] . Also, it is a useful method to establish strategies to design and operate many industrial processes and to analyze its sustainability from energetic point of view [9] . This methodology quantifies the quality of heat in a waste stream, indicates the locations of energy degradation into the process, causes and true magnitudes of exergy losses and identifies meaningful efficiencies, therefore can lead to improve technology operation [10] . This paper presents the simulation and exergetic evaluation of battery production and refining of a Colombian crude oil using a commercial process simulation software, based on API gravity of mixture, thus serving to any similar crude.
Materials and Methods
Computer-aided simulation For computer-aided simulation, a commercial process simulation software was used. Battery of production was simulated to clean crude oil coming from wells, in order to reduce water, salts and sediments content. This part of simulation was performed using three hypothetical wells which characteristics belong to Caño Limón crude that has a density of 29 °API. Two of the wells were simulated with a flow of 45,000 bpd (barrels per day) and the other one with 1,000 bpd. The Assay found in the software database was applied for the crude oil characterization. PengRobinson model was used as thermodynamic package, because of it is recommended for oil, gas and petrochemicals applications. Unknown properties were estimated using UNIFAC (Universal Functional Group Activity Coefficient) model and the database Thermo Data Engine (TDE). After entering the crude oil components, it was settled in the stream function as oil-rich stream (crude 1, crude 2 and crude 3).
Exergy analysis
Energy and exergy balances for the processes were calculated as follows. The flow in a system for a finite time interval can be described according to Equation 1:
Exergy input-exergy output-exergy consumption=Exergy accumulation
(1) 
The physics exergy related with temperature, entropy and enthalpy:
Where H is the enthalpy, S is the entropy, T0 is the environmental temperature or in dead state, H0, and S0 are enthalpy and entropy in dead state, respectively. 
The chemical exergy of the process streams was evaluated by Equation 6 , where y i is the molar fraction of component i, Ex 0 ch,i is chemical exergy of pure compound, T0 is reference temperature and R is the gas constant. Kinetic and potential exergy was neglected because of its contribution to the total exergy balance is minimal.
To calculate process lost exergy and process efficiency, the following equations were used. Eẋ in, total refers to the total exergy for the inlet main stream, Eẋ u, total is total exergy of utilities, Eẋ out, total is the total exergy for the outlet main stream [11] .
Eẋ lost = Eẋ in, total + Eẋ u, total -Ėo ut, total
Process efficiency= [1-(
Eẋ lost
Eẋ in, total +Eẋ u, total )] * 100 (8)
Results and Discussion
Simulation of oil production battery To simulate oil production battery, two separator were used for water and oil, one general and the other for testing. All gases leaving the separator (test and general) arrive to torch drum, where traces of oil are removed to be finally burned in the torch. The liquid part that leaves general separator goes to the Gun Barrel, which is a washer tank operated at atmospheric pressure, it is used to remove any percentage of water and gas still present in on-going oil to refinery. Water is separated using difference in density between water and oil, thus, oil overflows and water remains in the Gun Barrel. The general separator receives crude from wells 1 and 2, the gas is send to the torch drum and the liquid part towards Gun Barrel. Figure 1 shows computer-aided simulation of the production battery. Figure 1 . Simulation of the production battery
Simulation of oil refining process
Refining process separates useful components from crude oil. This separation is achieved by many physicochemical processes, but this research is focused just on atmospheric distillation. The crude oil is pumped at a rate of 1,000 bpd and 77 °F to the refinery, heading towards a heat exchanger to raise its temperature, then it enters to a three-phase separator, which acts as a desalter with the aim of withdrawing all organic salts that oil and water may have. After that, crude is conduced to a train of heat exchangers to reach the furnace temperature required for sending it to the distillation column. In this column are separated refined gasoline, kerosene, diesel and finally fuel oil, to be processed separately. As it is shown in Figure 2 , refined gasoline flows through an air cooler where temperature and pressure are reduced, then it heads towards to a three-phase separator that acts as a top accumulator, where gas, refined gasoline and wastewater are separated. The gas is sent to a separator that withdraw any residue still present on it and the rest is burned at the torch; refined gasoline is pumped and split into two streams, one ready to continue in the process and other that returns to the tower through refluxes; and wastewater leaves for later treatments. Kerosene flows to a stripper kero-tower that uses an inlet steam to remove pollutants, this in order to get proper quality of kerosene to use in subsequent stages and to return a part to the tower as reflux. Diesel is divided in two streams, one is pumped as utility to heat crude that enter to distillation tower, and the other is sent to a diesel stripper that works as the kero-stripper, where a part of diesel is used as reflux and the other one for later stages. Finally, fuel oil is conduced to a separator where it is washed with water, then is separated in two streams, one that returns to the tower as reflux and other sets aside for subsequent stages. Steam streams used in stripper towers are given by a stream of water heated in a boiler, leaving a purge stream. 
Exergy analysis of the process
Physical, chemical and total exergy of main input and output streams in battery production and refining of crude oil are shown in Table 1 and Table 2 , respectively. Some industries do not present mass nor physical exergy flow because these are the result of using pumps, boilers and furnaces, where duty is removed. The total exergy of the outlet streams is greater than total exergy of inlet streams for industrial services, as can be seen in Table 1 . Figure 3 and 4 shows exergy analysis and the efficiency for the production and refining of the crude studied, respectively.
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Conclusion
Simulation of production and refining of Caño Limón crude oil was performed using Computer Aided Process engineering. Exergy analysis in crude oil production stage was applied resulting an efficiency of 97 %, due to low exergy losses caused by process waste and not by no-used utilities. For refining step, the efficiency was 45 %, which evidences that most exergy losses occur due to the large number of utilities supplied to this process and contribution of the waste in it, with a total of 564,197,267 Btu/h for a production of 1,000 barrels per day at the refinery. This indicates that energy process integration is necessary to reduce the high consumption of utilities and thus reduce these losses. 
